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In summarizing his comprehensive 1926 review of experimental
tar cancer, Woglom22 wrote: "Perhaps the most interesting dis-
covery that has come from the study of experimentally produced
tumors is the unimportance of age, for it had been universally
assumed that this plays a fundamental role in neoplasia."
More recently, Hueper11 has reached much the same conclusion
after an even more detailed review of reports both experimental and
dinical. He states: "The evidence presented supplies convincing
proof that the occurrence of cancer during the more advanced periods
of life is mainly fortuitous and unrelated to any simultaneously
existing senile changes." In his account of the cancer of chimney-
sweeps he even more positively excludes the operation of an age
factor in the following words: "The evidence described shows quite
clearly that the manifestation age of chimney sweeps' cancer is
directly dependent upon the age at which the occupational exposure
to soot begins (Kennaway, Bang) and is entirely unrelated to any
hypothetical senile changes of the skin." It is true that the mani-
festation age of chimney-sweeps' cancer progressively has advanced
as young boys have been excluded from this hazardous task and it
has been relegated to older men. That the age at which the expo-
sure to soot begins is a strong factor in the establishment of the mani-
festation age of the resulting cancer is freely accepted. But, in the
absence ofdata showing that with equal quantity, quality, and dura-
tion of exposure the skins of boys and of older men undergo malig-
nant transformation with the same speed and frequency, the validity
of the statement that the manifestation age is directly dependent on
the age of initial exposure and is entirely unrelated to any senile
changes in the skin is questionable. About all the observations
really demonstrate is that skin over a considerable range in age
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when repeatedly exposed to chimney soot occasionally becomes
cancerous.
There are so many variables in human cancer that it is difficult
to make a beginning; but the date of trauma in single-trauma car-
cinoma is usually known and is a good starting point for measure-
ment of the length of the developmental period. Unfortunately
well-substantiated and histologically diagnosed cases like those of
Leighton and Schmidke13 are few in number.
While it is oibvious that intensity and duration of exposure to
carcinogens, as well as tissue susceptibility, are very potent factors
in the production of cancer, it seems unwise so lightly to dismiss age
changes in the tissues as unimportant or unrelated. The problem
of ageing is now attracting considerable attention and it is accepted
that as time passes all tissues of the body change, each often in its
ownway. There is nothing hypothetical about some of these altera-
tions. To assume that young and old tissues, which are in fact
different, respond to carcinogens in exactly the same way- that the
possibility of an age factor in carcinogenesis is to be ignored-seems
unwarranted. Indeed, it appears to us that when carcinogens are
of low potency, or operate for a short period of time, an age factor
may actually determine whether the malignant transformation does
or does not take place.
Some interesting experiments have been made with rats and
many more on mice. In the former, Dunning et al.10 observed that
the mean number of days between injection of benzpyrene and the
appearance of tumor was significantly less for those over 4 months
of age when injected than for younger animals. These authors also
found that in mice the interval was less for older animals. Accord-
ing to them this difference "may mean that the cells of younger
individuals resist the malignant change a little longer than those of
older animals because it requires a little longer to break down or
wear out some mechanism in the cells of a younger individual."
Brunschwig and Tschetter,6 however, reached the conclusion that
"age of the animal bears little or no relationship to the latent period
in the production of sarcoma by subcutaneous injections of methyl-
cholanthrene"-a view that is hardly justified by their records. At
the beginning of the experiment they had 13 rats 3 weeks old and
12 aged from 1 to 2 years. The latent period was, on the average,
159 days for the young rats and 151 days for the older ones. It
is impossible to predict the difference had more animals been used,
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but the fact that the latent period was a little longer for the young
rats, and the fact that the amount of carcinogen injected was the same
despite the initially smaller size of the young animals, coupled with
the statement of the authors that after 220 days 5 of the young
group showed no tumors whereas tumors were absent in only 3 of
the older ones, are not at variance with the idea that the resistance
of the younger animals may actually have been greater than that of
the older ones.
Other experiments with mice point unmistakably, on the con-
trary, to less resistance on the part of young animals. Thus, Strong,
Smith, and Gardner"8 injected dibenzcarbazole and determined the
incidence of resulting sarcomata. "In young mice of the CBA strain
(which averaged 146 days at the start of the experiment), 97 days
were required to produce sarcoma; whereas in mice which averaged
424 days, 148 days were required to produce sarcoma." The mice
were all males and were employed in sufficient number to make this
difference significant.
Shimkin'5 has summarized 4 experiments with the statement that
"In mice of strains C3H, I and L, injected subcutaneously with 0.8
to 1.0 mg. methylcholanthrene in lard, tumors developed earlier in
39 animals 2 months of age or younger than in 58 animals 5 to 17
months old." He has carefully pointed out, however, that this
earlier appearance of tumors in young, and consequently small,
animals given the same dose as old and larger ones is explainable
on the basis of the larger dose per gram of weight received by them.
"It is therefore evident [he says] that it cannot be unreservedly
concluded that the subcutaneous tissue of the younger and rapidly
growing mice is more prone to sarcomatous degeneration with
methylcholanthrene than is the subcutaneous tissue of the fully
developed or the senescent animals." Shimkin also found C3H
mice to be more susceptible than were mice of the I strain and he
rightly emphasized the strain as well as the weight-dose ratio.
Also suggestive of less resistance in young than in old mice are
some observations by Blum, Grady, andKirby-Smith.' They found
that the induction time for sarcoma by ultraviolet radiation is shorter
for strain A mice 2 to 3 months old at the beginning of the experi-
ment than for others approximately 10 months of age. But they
also discovered that the transmission of uliraviolet light through
the epidermis is greater in young than in old mice. Consequently,
it is uncertain how far the shorter induction time in young mice is
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dependent on more ultraviolet reaching the dermis or on an age
difference in resistance of the dermis itself. In a later contribution
Blum2 has reported that the growth rates of the sarcomata in these
mice are not significantly different in the several age groups.
These and other observations show that the influence of age in
experimental carcinogenesis is a factor susceptible of accurate investi-
gation when modifying factors are taken into consideration. Many
questions press for answer, including the reported difference between
rats and mice, the young rats being a little more resistant than older
ones, and the young mice being definitely less resistant than older
ones. The problem is complicated by the fact that one would not
expect the age factor to influence carcinogenesis equally in differently
constituted tissues that age differently, or in the same tissues sub-
jected to different carcinogens, or to different concentrations or
exposures of one and the same carcinogen.
The object of our own studies is to obtain quantitative data on
the influence of age on the course of epidermal methylcholanthrene
carcinogenesis, the integration of changes in which is the major
cancer research project of the Barnard Hospital.8
Experiments
To determine the extent to which the age influence is modifiable
by hereditary constitution we employed two strains of mice, one
highly responsive by cancer formation to methylcholanthrene and
the other more resistant to this carcinogen.
New Buffalo mice were selected because we have found them,
in our major project, to be very responsive and we wished to be able
to integrate our observations with the other data obtained in the
hospital in building up a comprehensive picture of carcinogenesis.
CBA mice were chosen as the more resistant strain in view of
the report by Boyland and Warren4 that they respond less actively
by tumor formation to methylcholanthrene injected subcutaneously
than do New Buffalo mice.
Large numbers of mice were employed, because we believe that
some of the contradictory results described in the literature result
from individual variability brought out by the study of too few mice.
It would have been easier to assemble the animals had we accepted
both sexes. Marked differences of opinion exist as to the influence
of sex on the response of mice to carcinogens. Thus, Boyland andEFFECT OF AGE ON EXPERIMENTAL CARCINOGENESIS
Warren found the susceptibility of male and female CBA mice to
subcutaneously injected methylcholanthrene to be the same; Ander-
vont' observed male C57 black mice to respond earlier than females
by tumor formation to this treatment; while Kreberg,'2 and
Reinhard and Candee'4 noted earlier tumor formation in female than
in male mice to tarring of the skin-a difference however not dis-
covered by Branch5 in C57 black mice following skin applications of
dibenzanthracene. In deciding to employ only male mice, as did
Strong, Smith, and Gardner"8 and Shimkin,'5 we also had in mind
Wicks' discovery2" that the males of several strains of mice ordinarily
exhibit proteinuria; whereas the females excrete much less protein,
frequently none at all, so that there may exist a difference between
the sexes in the elimination of other materials during carcinogenesis.
All mice enjoyed the same diet and living conditions in a large
room air-conditioned in both summer and winter. The treatment
with carcinogen was made as nearly identical as possible for all the
animals. The skin of the lower back was shaved over an area 1 /2
inches long and 2 inch wide. Experiments by Cramer and
Stowell9 on the quantitative evaluation of skin carcinogenesis by
methylcholanthrene show how important it is that the areas treated
are of constant location and size. Three days later 2 drops of 0.6
per cent methylcholanthrene in benzene, delivered from a 1 cc.
syringe fitted with a No. 24 needle, were applied to the area.
These contained approximately 0.13 mg. of the carcinogen. All
mice were similarly treated 3 times weekly for 3 months and were
examined for gross evidence of appearance of tumors every week.
When the existence of a tumor was suspected the date was noted,
and, if tumor development continued, the animal was sacrificed 2
weeks later when the lesion was excised and examined microscopic-
ally. In this measurement of carcinogenesis we were concerned
with the time of appearance of the first tumor and its accurate
diagnosis, not with the number of tumors appearing over a con-
siderable space of time.
New Buffalo Mice
The experiment started with 97 young mice, from 2 to 3 months
old, average weight 20 gm., and 96 others from 12 to 13 months
old, average weight 28.4 gm. The principal observations are pre-
sented graphically in Fig. 1. The percentages of animals which
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developed tumors are represented by the solid black columns, with
the lapse of time indicated below.
Evidently larger percentages of mice in the young group devel-
oped tumors earlier than in the old group. The average time after
the first application at which tumors appeared in the young group
was 3.3 months as compared with 4.6 months in the old group.
After 8 months all of the surviving young animals had developed
tumors, that is, 92.8 per cent of those with which we started. Con-
/iEWBUFFALO MICE sequently, nothing was to be gained by
0rYmOUNGcr<; : u g continuing the ob- /00 ~~~~~~~~~servations. After 8
eo months only 61.5
per cent of the old
60 animals had devel-
oped tumors; but,
40 * * * * * since some remained
alive, the observa- _0 | | | | | | tions were carried
0 on for another
/0O rX w 1fl|g 0 OLD month without the
appearance of more
*0 ~~~~~~~~~~~tumors, so that the
percentage at 9
60 ~~~~~~~monthsremained
61.5.
4;1 0 _ X ;-Iiffl In the young
group 95.6 per cent
of the tumors were
squamous cell car- I2rs 3 4 5 6 7 a 9 cinomata; in the old
dfedwmth.ettumors LEluingwflouttu tors *MItWOr group 85 per cent
FIO. 1 were of this type;
while the remainder
in both groups were spindle cell sarcomata. Both types of tumor
were occasionally observed in the same animal-in 4 of the young
ones and in 2 of the old.
Of the 7 young mice which died during the experiment without
showing malignant tumors only one was without detecta:ble changes
in the epidermis, while the remainder exhibited definite to-marked
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epidermal hyperplasia and some papillomata. The old mice which
died early in the experiment in the absence of malignant tumors
showed considerable epidermal hyperplasia (5 to 7 layers of cells).
In those which died later, and in the few survivors, the hyperplasia
was distinctly less, but most of them had a few tiny papillomata.
CBA Mice
Treatment was commenced on 92 young mice, from 2 to 3
months old, average weight 19.5 gm.; and 93 others from 12 to 13
months old, average CBA MICE
weight 29.8 gm.
Figure 2 shows 10g0V
that the young
group developed o_H
tumors in about the
same percentage of °C0
mice as in the old
group. The average _0
time of tumor for- 20
mation after the
first application was o
6.3 months in the 00 OLD
former and 5.7
months inthe latter. so
Upon the conclusion
of the experiment at 60
9 months the per-
centages of animals 40
which developed
tumors were sim*i-
lar: 69 per cent in o
theyounggroup and TE I 2 M 3 5 6 7 T 9
64.5 per cent in the ;died wlthWuot tiws L I/auefauttuore Utuors
old group. In both
groups 97 per cent FiG. 2
of the tumors were squamous cell carcinomata and the remainder
were spindle cell sarcomata except for one of the young mice which
carried a carcinosarcoma. No sarcomata and carcinomata growing
together in the same mice were observed as inthe New Buffalo series.
Most of the young mice, which died without tumors or were
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sacrificed at the end of the experiment, showed very marked epi-
dermal hyperplasia. Unfortunately, examination of the epidermis
of some of the old mice, which died in the 3rd or 4th months, is
inadequate because the tissues were not properly fixed. The
majority of those which died without tumors after 5 months, or
were killed and examined after 9 months, exhibited very marked
epidermal hyperplasia, while 2 showed slight epithelial cell invasion
of the dermis. A few papillomata were present in both young and
old animals, as in the New Buffalo strain.
Having thus compared tumor production in the young and old
mice of each strain, and having shown that in the New Buffalo strain
tumor formation is much greater in young than in old mice-a
phenomenon not encountered in the CBA strain-it is desirable to
contrast further the behavior of the two strains.
The young New Buffalo mice were clearly more responsive to
the carcinogenic properties of methylcholanthrene than were young
CBA mice. Among the old mice, however, greater tumor produc-
tion was evident in the New Buffalos up to S months, after which
it was consistently though slightly greater in the old CBAs despite
the fact that among the latter more animals were removed by death
after 7 months. The final percentage of old animals bearing
tumors in the old CBAs was 64.5 as contrasted with only 61.5 in
the New Buffalos. Thus, the strain susceptibility, so manifest in
young New Buffalo mice compared with young CBA mice, was
absent in old animals under the conditions of these experiments.
Discussion
To identify the factors responsible for the much greater per-
centage of voung than old New Buffalo mice developing malignant
tumors following similar applications of carcnogen to equal areas of
the skins is beyond us. All that can be done is to outline a few of
the many possibilities.
This difference is not due to the death of a larger percentage
of the old animals 'from various causes, including the infirmities of
age, so that a smaller percentage lived long enough to develop
tumors than was the case with the younger mice, because some of
the old New Buffalo mice survived 9 months without tumors
whereas at 8 months no young mice survived without tumors.
Neither do we think the difference is occasioned by the fact that
the amount of methylcholanthrene delivered with each application
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was greater per gram weight of mouse for the younger and smaller
animals than it was for the older and larger ones by an amount easily
calculated from the data presented. However, this possible factor
cannot be altogether dismissed in experiments by others in which the
same amount of methylcholanthrene was injected subcutaneously in
young and old mice. In these the whole dose was administered
when the discrepancy in weight was maximum. In our experiments
the greater dosage per gram of mouse was spread over a period of
3 months and progressively diminished as the young animals grew
and caught up in weight with the older ones. Moreover, the elimi-
nation of methylcholanthrene, and/or its conversion into substances
having little or no carcinogenic action, have perhaps more influence
on carcinogenesis when it is plunged right into the deep-lying tissues
and the body defenses are directly brought to bear on it than when
it is applied in small amounts to the avascular epidermis and it
gradually seeps in. However this may be, it is not known in how
far, if at all, the internal tissues of young and vigorous, but smaller,
mice are less able to cope with the same dose of methylcholanthrene
than are those of larger mice on the downward path.
The best approach to the factors governing this age difference
in carcinogenesis is to inquire concerning possible differences existing
in the equal areas equally treated of the young and old skins of
these animals that may condition this difference in response. We
recall that Blum, Grady, and Kirby-Smith discovered a difference
in the epidermal transmission of ultraviolet radiation by young and
old skin of strain A mice.
Thanks to work on our major project by Simpson and Cramer"6
it is clear that the methylcholanthrene very promptly invades the
sebaceous glands, which, in a sense, serve as primary portals of
entry early in carcinogtnesis. In a later contribution17 the same
investigators reported rapid destruction of these glands and that
solution of the carcinogen in anhydrous lanolin before application
almost completely inhibits its ability to give rise to cancer.
Undoubtedly the skins of young and old New Buffalo mice must
be compared in a search for possible differences in the sebaceous
glands, and in sebum production, and the fluorescence microscopical
technic of these workers must be used in an attempt to determine
whether there is a difference in the entry of methylcholanthrene.
On the chemical side, also, previous work on the major project
affords leads in an effort to unearth the reason why young epidermis
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of New Buffalo mice is more prone than old epidermis to become
malignant under this treatment. Thus, Suntzeff and Carruthers"
observed that the calcium content of the reacting epidermis promptly
decreases by approximately 50 per cent, though the sodium content
remains substantially constant. Consequently, it is desirable to
discover whether there is, with advancing age, a change in epidermal
calcium; because, if so, this might be one factor contributing to the
greater response of young epidermis of New Buffalo mice to the
same carcinogen.
The iron content of the epidermis may likewise enter the picture.
In another series of mice, treated with methylcholanthrene by the
same standardized method, the same investigators, Carruthers and
Suntzeff,7 found an early decrease of about 50 per cent in epidermal
iron while the epidermal ascorbic acid remained practically unal-
tered. If there should be a difference in iron content to begin with
between young and old New Buffalo mice it is conceivable that this
might similarly have some effect -on cancer formation in response
to the 'same carcinogen. It is interesting to note in this connection
that Warren and Goulden20 have determined the non-heme iron
content of an epithelial organ, the kidney, in mice of several strains
and at different ages. They have reported a general increase with
age in CBA and C3H mice, which was considerable in CBA females
over 300 days of age (93 Vgm. per gm. of kidney as compared with
55 ptgm. per gm.). Apparently there was no marked alteration
with age in RIII mice of either sex. But the extent of change to
be considered significant, and the range of variation in individuals
of the same age group, remain to be ascertained. Nevertheless, the
strain, sex, and age differences as regards kidney iron, coupled with
the change referred to in the iron content of the epidermis (also an
epithelial structure) during carcinogenesis, certainly indicate the
importance of analyses of iron in the epidermis of young and old
New Buffalo mice.
Consequently, we propose to supplement the data herein
described on the difference in the percentage of young and of old
New Buffalo mice that develop cancer in response to applications of
methylcholanthrene in benzene, by a detailed comparison of their
skins. If this brings to light any differences likely to be significant
the next step will be to look for similar differences between the
differently reacting skins of young New Buffalo and CBA mice.
The farther we advance the more we realize the great complexity
56EFFECT OF AGE ON EXPERIMENTAL CARCINOGENESIS
of the factors that condition epidermal carcinogenesis induced by
methylcholanthrene. The variations that we are unable to eliminate
in the response of individual mice of the same sex, -age, and closely
inbred strain treated in as nearly as possible the same way with the
carcinogen indicate the inconspicuous nature of some of these factors.
The quantitative measurements of both age and strain factors,
reported in this paper, may show but little correspondence to others
made subsequently in other experiments in which similar mice are
subjected to applications of stronger and to weaker concentrations
of the same carcinogen similarly and differently spaced as to time.
Summary
In 97 male mice of the susceptible New Buffalo strain (initial
age 2 to 3 months and average weight 20 grams), tumors appeared
on the average at 3.3 months after the first application of 0.6 per
cent methylcholanthrene in benzene to the epidermis. In 96 mice
of the same sex and strain (initial age 12 to 13 months and average
weight 28.4 grams), in which epidermal areas of the same size were
similarly treated, tumors appeared on the average at 4.6 months
after the first application. Eight months after the first application
97 per cent of the young group had developed tumors, while only
61.5 per cent of the older group had done so. In the young
animals 95.6 per cent of the tumors were squamous cell carcinomata;
in the old animals 85 per cent were squamous cell carcinoma, the
remainder in both groups being spindle cell sarcomata.
In 92 male mice of the more resistant CBA strain (initial age
2 to 3 months and average weight 19.5 grams), tumors appeared
on the average at 6.3 months after the first application of the same
carcinogen. In 93 mice of the same sex and strain (initial age 12
to 13 months, average weight 29.8 grams), and similarly treated,
tumors appeared on the average at 5.7 months. Nine months after
the first application 69 per cent of the young group had developed
tumors, while only 64.5 per cent of the old group had done so. In
both groups 97 per cent of the tumors were squamous cell sarcomata.
One of the young mice carried a carcinosarcoma.
Thus, under the experimental conditions specified, these tumors
induced by methylcholanthrene appeared more quickly and in a
higher percentage of individuals in young than in old New Buffalo
mice-a difference not observed between young and old CBA mice.
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Young New Buffalo mice developed tumors more promptly, and in
a higher percentage of individuals than young CBA mice, but this
difference was not observed between the behavior of old mice of
the two strains. The initial strain difference in susceptibility dis-
appeared with advancing age.
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